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Abstract
This paper presents the experience of designing, implementing and evaluating a ChallengeBased Learning methodology (CBL) applied to a Computer Science course, named
"Ubiquitous Computing". The objective of the work is to check if the students are able to
acquire the necessary skills important in the labour market as teamwork and criticalthinking in engineering students through the implementation of larger projects with larger
groups. To this end, it is addressed an experience that is close to the companies’ style of
work, with balanced teams and ambitious projects that they must analyse in detail.
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1. Introduction
Selecting a teaching methodology that suits both the content of a course and their students
is an important task in order to ensure good learning of the competences associated to a
course. Also, generational changes, makes necessary to look for new ways of teachingoriented students that are highly integrated with new technologies. Clearly, traditional
teaching, with conventional lecture-style formats, do not adjust to these generation of
students [11]. Besides, traditional teaching methodologies are geared towards acquiring
knowledge that will lead to pass the exam of the course rather than acquire the essential
competences that will fit with a constantly changing labour market [14]. For this reason, it
is important to consider adapting traditional learning models to teach the skills and
competences most demanded at any given time [1]. This is the reason why active teaching
methodologies have gained great popularity in recent years. Such learning methodologies
are developed around the student, who must decide on many of the aspects of the learning
process [10]. The main objective is to keep the student motivated to ensure that learning
flows in the right direction [6].
In line with this approach, there are studies, that reflect the need of changing the focus
of traditional teaching models to be oriented towards values such as collaboration,
multidisciplinary learning, risk tasking, trial and error, creating an intrinsic motivation [8].
These values fit with the most demanded competences in job offers for engineers: critical
thinking, problem solving, teamwork or communication [4].
After the good results which were obtained by the previous research perform by the
authors in the enforcement of Project-Based Learning (PBL) [9], it was decided to move
along with a new learning methodology: Challenged-Based Learning (CBL). To establish
it, it was selected the same course as in the previous research: Ubiquitous Computing. In
this case, the selected methodology aims to give an approach as close as possible to the
work done in a real company to train the competencies more demanded that are not studied
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in other courses.

2. Challenged-Based Learning
CBL is considered as an active learning methodology based on experiential learning, which
is developed with the idea of students learning better when they actively participate in the
learning/teaching process [12]. This pedagogical approach is also based on the success of
Problem Based Learning models [7], in which students learn from the development of tasks
based on the resolution of defined questions and/or problems, involving the learner in
decision-making and research processes. However, in the case of CBL, students will start
from an initially ill-defined real-life problem and must research about the topic to obtain
the most reasonable solution. One of the cornerstones of this type of methodology is the
documentation of the project, which can be divided into 3 phases:
- Preparatory phase: the idea of the work to be carried out is put forward.
- Development and validation phase: include research, review and testing.
- Publication phase: includes the conclusions obtained after the project performance.
Among the results to be obtained through this type of active methodology, there are
qualities that are desirable in an engineer as the promotion of collaborative work[4],
motivating creativity and critical thinking [5].

3. Course characteristics and context
The course selected to use this active learning methodology is "Ubiquitous
computing"[13]. The course aims to introduce the students into intelligent environments
with computational and communication capabilities. These environments cover ambient
intelligent, pervasive computing, mobile computing as well as ubiquitous computing.
Along the 13 lessons of the course there are studied the characteristics of every type of
environment and the students must develop functional prototypes. During the year that
CBL was implemented, a total of 74 students were enrolled.
Due their characteristics, the course can be classified as a programming course, being
the 5th course of this typology taken by the students which means that students have
sufficient skills to be able to tackle the course without problems. In addition, it is at the end
of this academic year when most students start their curricular internships to begin their
professional careers. For this reason, this course is a good opportunity to establish a work
methodology close to that implemented in companies.

4. Proposal
Throughout the previous programming courses, students were used to be working
individually or in pairs, which makes it is difficult for them to acquire some of the most
valuable skills for an engineer such as: teamwork and communication [2]. That is the
reason why the teachers wanted to modify the way students work in order to encourage the
acquisition of those skills and to show them a similar experience than the one they will
have in a company.
Among the changes proposed for the course are:
• Inability to choose their co-workers.
• Creation of large working groups to tackle larger projects.
• Development of projects without a specific script.
• Distribution of open challenges that must be solved with a functional prototype.
• Distribution of group mark agreed upon by all the members of the working group.
The following sections show a description of the challenges proposed to the students,
as well as the creation of the working groups and the evaluation of the course.
4.1.

Working groups

As it was mentioned above, the year in which the course is taken, it is the one chosen by
most of the students to start their internship in a company. For this reason, it was proposed
that the working methodology was as close as possible to a work environment, starting
with avoiding the students' choice of groups. To this end, it was necessary to assign
different roles to each student through an initial self-assessment that evaluates the students'
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knowledge in 4 essential topics for the course, such as: code repositories, especially
GitHub; Arduino programming; web servers and web/Android applications. With the
results, well-balanced groups were created where each of the 4 members of the group have
a different role in addressing all the needs of the projects.
The increase in the number of students in each group regarding to previous courses
made it necessary to increase the size of the projects to be developed. In addition , the
working groups were faced to carry out a project without having a script of specifications
set by the teacher, but rather they must be the ones to propose how far they want to go with
their project. This makes communication between group members essential for decisionmaking.
Due to the capacity of the classroom was not enough to accommodate the 74 students,
it was necessary to create 3 laboratory shifts, resulting in a total of 18 different working
groups.
4.2.

Challenges

One of the objectives of the CBL is the search for challenges oriented to the real-world,
that can stimulate students and provide real solutions that can help develop a better society.
That is why, for its implementation, teachers have chosen to address challenges oriented
towards the Sustainable Development Goals (SDGs) proposed by the United Nations [2].
Among the SDGs selected are:
• 3. Good Health and well-being.
• 10. Reduces inequalities.
• 11. Sustainable cities and communities.
• 13. Climate action.
• 14. Life on land.
At the end, teachers proposed 7 different challenges that were proposed to the working
groups in each laboratory shift. To show the students how to approach the work, the
teachers selected a challenge, which was not offered to the students, and demonstrated over
the weeks an approach about how to develop the project.
4.3.

Evaluation

According to the teaching guide for the course, the evaluation consists of an individual part
that corresponds to 40% of the final mark, and a group part that corresponds to 60% of the
mark for the course. Given that the proposal is the creation of a functional prototype, it was
decided to focus the implementation of the CBL methodology on the practical part of the
course. For this purpose, the practical part was divided into 2 deliverables:
• Proposal of the work, where a complete analysis of the problem must be carried
out, including the search for existing solutions and the study of the technology to
be used.
• Development of a functional prototype that complies with the proposal made in the
first deliverable. The prototype must be able to work in the scenario of the selected
challenge and show positive results in terms of solving the problems detected.
In order to get feedback from the rest of the students, both deliverables should be
presented in class and evaluated by all students, in order to encourage critical and
comparative thinking. Once the presentation was finished, and taking in mind that not all
students are equally involved in the work, each group was asked to distribute the total mark
for the project among the members of the group. In this way, those students who showed
more involvement could obtain an improvement in their mark, and those whose
involvement was less than that of their peers would obtain a lower mark.

5. Results
To be able to carry out a complete evaluation based on CBL, this must be split in the two
proposed tasks. The first one includes a first stage of analysis of the challenge and
everything that surrounds it with a view proposing a complete ubiquitous computing
project aimed at helping society. Before undertaking this work, the students were informed
of the basic structure that the proposal should contain, emphasizing in class the importance
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and difficulty of the work to be done. In the end, all the groups were able to present a
proposal, although in some cases the level of detail was lower than expected, with an
average of 5.83 over 10 in the mark, where 2 groups did not reach the minimum passing
score of 5 points. After analyzing the results and meeting with all the working groups, it
could be seen that in the cases in which a low mark was obtained, it was not due to a lack
of knowledge but to an overconfidence in a task that the students considered simple.
However, this task highlighted shortcomings in the ability to convey an idea clearly and
unambiguously.
In the second deliverable the students had to present a functional prototype that
complied with the proposal, as well as a technical report with the most noteworthy aspects.
When the deadline was close, it was found that most of the students were not going to be
able to submit the project on time, so it was decided to give them 10 more days to present
the project with a 20% penalty in the final mark. Despite this extension, most of the groups
preferred to deliver their projects on time (11 out of 18 groups) and one group was not able
to arrive on time. After evaluating the projects, it was found that the level in some cases
did not meet the expected level of the course. Once again, the students expressed that they
were overconfident and that when they got a project that worked without errors they
stopped working, as they were satisfied with a pass mark. In addition, 40% of the students
reported problems of coordination with their teammates, which penalized the work of the
whole group. When the students were asked to distribute the marks according to the work
of each member of the group, it was found that they were distributed according to the
needed of marks to pass the course, instead of rewarding the work. Fig. 1 shows the
distribution of marks for the two deliverables of the course.
10
8
6

Deliverable1

4

Deliverable2

2
0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18

Fig. 1. Marks of the deliverables

6. Conclusions
This work shows the implementation of a CBL methodology in a computer engineering
degree course. The results obtained have shown some problems that have to be considered
in order to make improvements in the course. Among the problems encountered is the
difficulty of students to establish clear objectives for the resolution of complex and open
problems. This lack of objectives led to problems in managing time in a project of longer
duration than the one established in previous courses. These problems resulted in a lack of
coordination and communication between group members, devaluing at the same time the
quality of the project presented. For this reason, it was thought that it is necessary to
establish a timetable with a greater number of deliveries which will help them to visualize
better the objectives of the project, trying to teach students how a project should be
coordinated over time.
On the other hand, it could be seen that working with colleagues who are not in their
trusted group, only 32% of students worked together previously, generated disagreement
among some of the students. Despite this reluctance, most of the students were able to pass
the course.
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